Abstract
expression of HTm4 stimulates KAP activity leading to the dissociation of cyclin A, the dephosphorylation of CDK2 and subsequent cell cycle arrest [3] . These studies were the first to identify HTm4 as a novel modulator of the cell cycle. Interestingly, despite these in vitro studies that provided evidence that overexpression of HTm4 resulted in cell cycle arrest, we also confirmed the in vivo coexpression of HTm4, KAP and CDK2 in the proliferating cell populations of germinal centres within secondary follicles of human tonsils and showed that these proteins are all highly expressed in actively cycling cells [4] . This observation could be explained by the expression of an inhibitory cell cycle regulator such as HTm4 in response to proliferation or an effect that is modified by the concentrations of other cell cycle regulators, both known and unknown.
Furthermore, we recently found that HTm4 expression is tightly regulated during the differentiation of haematopoietic stem cells [4] and murine central nervous system [5] . These findings highlight the importance of further elucidating the function of the HTm4-KAP-CDK2 interaction in normal and dysregulated haematopoiesis, as well as during embryogenesis.
Regulation of haematopoietic cell cycle progression is critical in controlling the constant self-renewal, differentiation and homeostasis of the haematopoietic system [12, 13] [14, 15] .
. Dysregulation of this process has profound consequences, as demonstrated by the development of autoimmune disorders, blood dyscrasias and haematological malignancies with all their associated morbidity and mortality
In this study, we confirmed that HTm4 is expressed in selective subsets of human haematopoietic cells and foetal central nervous system. We also discovered that HTm4 is expressed in a wide range of malignancies, which highlights the importance of HTm4 as a cell cycle regulator in various malignancies.
Materials and methods

Immunohistochemical studies for HTm4
All staining was performed by standard immunoperoxidase methods as previously described [4] . [16] . [16] . (Fig. 4) . 
Purification of leucocytes and human lung mast cells
GeneChip expression analysis
HTm4 was predominantly expressed in basophils, with only very low levels of mRNA expression in other granulocytes, and B-and T-cell populations (Fig. 1). The preferential expression of HTm4 in basophils is in keeping with previously reported microarray, RT-PCR and immunofluorescence studies
Expression pattern of HTm4 in normal human peripheral blood by FACS
Expression pattern of HTm4 in human malignancies
The pattern of HTm4 expression was characterized in a wide variety of human malignancies by standard immunohistochemical methods on tissue microarrays containing multiple samples of each tumour type (Table 2). The intensity of staining was recorded on a scale from 0 to 3.5 and the average and standard deviation of staining were calculated. The highest level of expression was noted in seminomas of the testis with the mean intensity of staining
Fig. 2 HTm4 expression in human normal peripheral blood cells by flow cytometry. Cells were labelled with 2 g/ml of polyclonal anti-HTm4 for 20 min., followed by the incubation with anti-rabbit IgG Fab FITC (Caltag), along with CD4-PE, CD8-PE, CD14-PE, CD15-PE and CD19-PE (BD Pharmingen), respectively. The flow cytometry analyses were performed on a FACScan flow cytometer (Becton Dickinson Immunocytometry Systems
Discussion
HTm4 is a member of a newly defined, family of human and murine proteins [1] [2] [3] [4] [5] . haematopoietic lineage [1] . We [2] .
In this report, we define the HTm4 expression patterns in normal blood cells, human tissues and in a wide variety of cancers.
Our previous work had shown that HTm4 appeared to be predominantly expressed in human haematopoietic cells [1, 4] . In addition, we showed the lineage specific expression of HTm4 in murine haematopoietic cells [5] . [16] . The reliability of the test was verified by the specific expression of two other MS4A family member-MS4A1 (CD20) [7] and MS4A2 (FcεRI␤) [8] . As noted in Fig. 1, high [8, 16, 18] . High HTm4 basophil expression underscored its role as a potential allergy-related molecule located on chromosome 11q13.1 [2] .
Interestingly, despite the observation that HTm4 expression in resting lymphoid cells was limited, HTm4 expression could be unregulated following PHA stimulation in normal human CD4 ϩ T-cell subsets (Fig. 3) . Antigenic stimulation, which is mimicked by PHA stimulation, triggers T-cell apoptosis after an initial phase of lymphoid expansion [19, 20] . In light of HTm4's known function in cell cycle regulation [1, [3] [4] [5] (Table I and Fig. 6 ). Importantly, human malignancies derived from these tissue types also show high levels of HTm4 expression (Table 2 and Fig. 6K and L 
